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Road safetyThis paper investigates the possible causes of low fatalities in three-wheelers (autorickshaw) carrying
schoolchildren in India. The data was collected in the form of First Information Report (FIR) from local police sta-
tions from 2007 to 2012 and video-graphic surveys were done on four arterial roads running through Ludhiana,
Punjab, India. Surveys were also done on one subarterial road near school zone which was used by three-
wheelers carrying schoolchildren. The objective of the study was to investigate the hypothesis that drivers be-
have differently while following or overtaking three-wheelers carrying children. Many researchers have investi-
gated the effect of passengers on the driver of the same vehicle, but there was no evidence of any study which
investigated the effect of child passengers on nearby vehicles. It was found that heavy vehicles maintain more
gaps while following or overtaking three-wheelers carrying children as compared to those not carrying children.
It was also found that this effect is more prominent at speeds higher than 40 km/h. On the other hand lighter ve-
hicles keep the highest lateral and longitudinal gaps to heavy vehicles and three-wheelers without children
respectively.
© 2014 Production and hosting by Elsevier Ltd. on behalf of International Association of Trafﬁc and Safety
Sciences.1. Introduction
Road fatalities are one of the leading causes of deaths in the world
today. According to a report by Peden et al. [1], each year 1.2 million
people are killed and 50 million are injured in road crashes [1].
Bockholdt and Schneider [2] found that road accidents constituted near-
ly 50% of total deaths in children in Berlin. Hyder et al. [3] found that
children constitute 40% of total road trafﬁc injuries in south Asia. How-
ever, these fatalities are not uniformly distributed across different travel
modes. Our observation reveals that three-wheelers and two wheelers
carrying schoolchildren are seldom involved in fatal crashes. One of
the theories could be that drivers drive more cautiously while carrying
children as passengers. This theory can be extended to say that other
drivers in the stream also drive safely when following or overtaking ve-
hicle carrying schoolchildren. Many researchers have studied the effect
of passengers on a driver's behaviour. Evans and Wasielewski [4] stud-Pandey),
c.in (K. Ramachandra Rao).
on of Trafﬁc and Safety Sciences.d
P. on behalf of International Associatiied the headwaysmaintaining behaviour for different driver and vehicle
characteristics using photographic technique. They found that older ve-
hicles tend to keep larger headways in order to avoid situations requir-
ing larger deceleration. They also found that medium sized vehicles
(1600–1900 kg) had shorter headways than other vehicles. Parker
et al. [5] found thatmale drivers aremuchmore likely to drive cautious-
ly due to the presence of female passengers than vice-versa. One of the
theories they proposed was that of female passengers playing an active
role inmodifying themale drivingpattern. They also found that younger
drivers (18–24 years old) are much less likely to get affected by this
phenomenon than older drivers (45 years old or more). Regan and
Mitsopoulos [6] found that younger drivers drove more cautiously in
the presence of very old and very young passengers owing to increased
sense of responsibility. Domingo et al. [7] found that number of occu-
pants in the vehicle had a protective effect on driving behaviour thereby
reducing risk. The magnitude of this effect depended on age and sex of
passenger and driver. The study showed that young drivers were
more cautious when accompanied by female passengers (regardless of
age) and male passengers age between 45 and 60. Similar results
were obtained by other researchers ([8] and [9]) who also found that
the presence of passengers has a positive effect on driving pattern and
encourages safer driving by drivers. Lee and Abdel-Aty [10] studied
the effect of number of passenger and age of passengers on driver be-
haviour and hence the crash propensity. They found that drivers exhibit
safer driving pattern as the number of passengers increased. However,on of Trafﬁc and Safety Sciences.
Fig. 1. Examples of three wheelers carrying schoolchildren [ovals indicate three-wheelers with children (3WCs) while rectangles indicate three-wheelers (3Ws)].
Table 2
Speed characteristics on intersection and straight road for different road users (Pandey
et al. [22]).
131G. Pandey et al. / IATSS Research 38 (2015) 130–134risk increased for younger drivers in the presence of younger passen-
gers. Hoogendoorn and Ossen [11] studied heterogeneity in driver's be-
haviour using trajectories of cars and trucks obtained from a helicopter.
They found that car drivers kept larger gap when following another car
than a truck. This is owing to the assumption that trucks have larger
braking distance than cars and hence following vehicles require lesser
safety distance to trucks. Koppel et al. [12] studied the effect of the pres-
ence of child occupant (1–8 years old) on the amount of distraction
(looking away from the front road for more than 2 s) to the driver.
They found that drivers were much more likely to have their eyes off
the road for more than 2 s while engaged in non-child related activities
than in child related activities. It was also found that male drivers were
more prone to distraction than female drivers. Kawato et al. [13] studied
the injury severity to children pedestrians by different vehicle types
namely sedan, box type and sports utility vehicles and found that
head injuries were less severe for sedan type while that for lower ex-
tremities were more severe for sedans. Orsi et al. [14] found a negative
inﬂuence of passengers on younger drivers (age less than 25 years)
whereas a positive inﬂuence for older drivers (age more than 25
years). Chung et al. [15] studied the effect of the presence of an adult oc-
cupant in a vehicle on driving speed of young driver and compared the
adults giving advice regarding driving to those who were silent. They
found that young drivers drove much slower when adults gave advice
and also this effect continued in subsequent driving sessions by young
drivers. While a number of researchers have found that passengersmo-
tivate drivers to drivemore safely some researchers have suggested that
the presence of more than one passenger especially in the case of youn-
ger male drivers can increase crash propensity by increasing distrac-
tions ([16], [17], [18], [19], [20]).
It can be seen from literature that road accidents are amajor cause of
deaths in children in the world. While some studies have been done to
determine the factors that lead to children fatalities, most of them are
limited in developed countries and very few to no studies have been
done in developing countries like India. It was also found that while pe-
destrian and bicyclist children share a signiﬁcant burden of total road fa-
talities, very few children fatalities happen in vehicles such as three-
wheelers and two wheelers carrying schoolchildren. One of the reasonsTable 1
Vehicle trajectories by vehicle type.
Vehicle type Sub arterial Arterial
Light motorized vehicles 582 1012
Heavy motorized vehicles 74 207
3Ws 239 487
Two wheelers 1320 1782
3WCs 219 0
Total 2427 3488for this could be that drivers act more responsibly when carrying
schoolchildren due to expectations from children's parents. Many re-
searchers have found a positive relationship between number and
type of passengers (especially vulnerable passenger like very young or
very old) in a vehicle and safe driving behaviour of the driver. While
this could be true, there is a possibility that other vehicles sharing the
road with vehicles carrying children also act responsibly. This was not
investigated in any study until date. Almost all previous studies have fo-
cused on the effect of passengers on the driver of the same vehicle but
not on the drivers of nearby vehicles. The reason for this can be that it
is not possible to see occupants of other vehicles but this is not the
case with two wheelers and three wheelers carrying children in India.
These vehicles are very easy to spot owing to the school bags hanging
by hooks on the exterior of these vehicles. Studying the effect of these
vehicles carrying children on driving behaviour of nearby vehicles
could shed new light on driver's attitude and give way to new kinds of
measures to increase vehicular safety.
This paper makes an attempt to study the effect of three-wheelers
carrying children on the gap maintaining behaviour of nearby vehicles
in trafﬁc stream. Data was collected from accident records of Ludhiana,
India and video-graphic surveys were done to obtain lateral/longitudi-
nal gaps as explained in Section 2. The information was then grouped
by vehicle pair for different speeds and tested for signiﬁcance which is
presented in Section 3.
2. Methodology
Ludhiana, India was selected for the study owing to its injury sever-
ity rate as one of the highest in the country. It was found during recon-
naissance of the study area that most three-wheelers (3WCs) carrying
children only used sub-arterial roads due to the fact that most children
lived in the neighbourhoods around the school. Hence in order to get a
statistically signiﬁcant sample of 3WCs, trafﬁc surveys had to be doneMode type Speed (km/h)
Straight road Intersection
15th
percentile
Mean 85th
percentile
15th
percentile
Mean 85th
percentile
Two wheelers 25.70 32.86 39.93 8.64 11.95 15.23
3Ws 20.43 26.18 31.95 4.00 8.45 12.85
Light motorized
vehicles
29.82 38.79 48.53 9.30 13.01 16.50
Heavy motorized
vehicles
28.71 37.52 46.35 6.67 10.81 14.89
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Fig. 2. Percentage of fatalities by collision type.
132 G. Pandey et al. / IATSS Research 38 (2015) 130–134on one of these sub-arterial roads. Since these roads were two-lane un-
divided roads, most heavy vehicles avoided them hence it was difﬁcult
to get enough interactions between children three-wheelers and
heavy vehicles. In addition, the speeds of vehicles on these roads were
so low that no collisions would have resulted in deaths. Hence in
order to test the hypothesis that vehiclesmaintainmore lateral and lon-
gitudinal gaps to 3WCs, it was divided into two parts, 1. Vehicles in gen-
eral keep more gaps to three-wheelers without children (3Ws) than
other vehicles. 2. Vehicles keep more gaps to 3WCs than 3Ws. Here
the ﬁrst hypothesis can be tested on any of the arterial road with
heavy vehicles and high speed as 3Ws can be found on any road and
trafﬁc condition whereas the second one can be tested on sub arterial
roads with enough 3WCs. The data was collected on ﬁve roads of
which four were arterial roads and one was sub-arterial road with
enough 3WCs. They are:
Road-1—Chima Intersection–Vishwakarma Intersection.
Road-2—Chima Intersection–Samrala Intersection.
Road-3—Jagraon Bridge–Bharatnagar Intersection.
Road-4—Jalandhar Bypass–Jagraon Bridge.
Road-5—KundanVidyaMandir lane.
Fig. 1 shows three-wheelers carrying children observed on Kundan
Vidya Mandir lane. Here vehicles marked by an oval represent 3WCs
while rectangles represent 3Ws. Video cameras were mounted on pe-
destrian bridges on arterial roads and on the buildings adjacent to the
road on sub-arterial road and focused such as to get a clear view of
100 m on road. A total of 10 h of video data was collected on sub-
arterial road (Road-5) between 12: 30 pm and 2:30 pm on ﬁve school
days to get a total of 219 3WCs along with other vehicles. Similarly a
total of 8 h of trafﬁc surveys were done on the rest of the four locations
on arterial roads. Table 1 shows the total number of vehicle trajectories
by vehicle type and road type used in the analysis. A rectangular trap of
50 m × 7 m was marked on the road to allow the calibration of image
processing software used for the study. TRAZER™ an image-
processing software developed by Kritikal Solutions Limited, India2
was used to get vehicle trajectories in the form of x–y coordinates. All
vehicles were manually marked in individual frames to get maximum
accuracy regarding position of vehicle. Only video frames containing
3WCs were selected for analysis and all vehicles in those frames weremarked. Hence the ﬂow and density were not determined during
analysis.
A MATLAB programme was developed to analyse individual trajec-
tories in each frame and obtain trafﬁc ﬂow characteristics such as later-
al, longitudinal gaps and speeds. These characteristics were then
grouped based on vehicle type and speed during analysis to get inter-
vehicular gaps at different speed groups. Five year crash records from
year 2007 to 2012 were also collected from the police station to get fa-
tality rates for different vehicle types. A total of 540 First InformationRe-
ports (FIRs) were obtained which were read and analysed by the
authors.
3. Discussion
From the analysis of accident records it was found that out of the
total 651 fatalities that took place between 2007 and 2012 only one
child (age 1–8 years) had died in a three wheeler. The majority of chil-
dren deaths occurred as pedestrian or bicyclist. Yet 3WCs such as shown
in Fig. 1 are considered unsafe due to its overcrowded appearance. Since
speeds of 3WCs are found to be lower than that of 3Ws, the deviation of
vehicular speed from stream speed would be more in the case of 3WCs
than 3Ws. As suggested by West and Dunn [21], this should result in
higher fatalities in the case of 3WCs due to higher speed differential.
However, the fatal crash data suggests that this is not the case. It was
also found that majority of crashes had taken place on straight section
of roads rather than intersections. The total number of fatalities on in-
tersections was found to be 64 whereas that on straight sections was
464. This is contrary to popular belief that intersections aremore unsafe.
This may be due to very low approaching speeds at intersections ob-
served from earlier studies in Ludhiana. Table 2 shows speed character-
istics observed on straight road and intersection in an earlier study done
by the authors.
As shown in Fig. 2, more than 50% of fatalities in ﬁve years had taken
place due to rear end and sideswipe crashes from the same direction
whereas less than 15% of fatalities were due to head on and sideswipe
from the opposite direction. Hence if majority of fatalities in Ludhiana
occur on straight road in a rear end or sideswipe collision, a study of
car-following and overtaking behaviour of vehicles with respect to
3WCs could reveal important information regarding their safety.
Table 3 shows the median longitudinal and lateral gaps maintained by
Table 4
Median longitudinal and lateral gaps maintained by different vehicles to 3Ws and 3WCs
on sub-arterial roads.
Vehicle type Speed group Without children With children Difference
Longitudinal gaps (m)
LMV Avg. 13.49 12.39 Not signiﬁcant
20–40 14.80 7.12 Signiﬁcant
40–60 11.64 14.66 Signiﬁcant
HMV Avg. 20.52 14.30 Signiﬁcant
20–40 16.90 10.60 Signiﬁcant
40–60 17.80 25.50 Signiﬁcant
3W Avg. 43.87 9.63 Signiﬁcant
20–40 18.87 6.75 Signiﬁcant
40–60 32.38 16.23 Signiﬁcant
2W Avg. 19.68 15.20 Signiﬁcant
20–40 22.84 9.74 Signiﬁcant
40–60 18.10 16.10 Signiﬁcant
Lateral gaps (m)
LMV Avg. 0.63 0.78 Signiﬁcant
20–40 0.34 0.40 Not signiﬁcant
40–60 0.64 0.72 Signiﬁcant
HMV Avg. 0.43 0.86 Signiﬁcant
40–60 0.77 0.97 Signiﬁcant
3W Avg. 0.85 0.68 Not signiﬁcant
40–60 0.84 0.77 Not signiﬁcant
2W Avg. 0.96 0.77 Not signiﬁcant
20–40 0.78 0.68 Not signiﬁcant
40–60 1.06 0.78 Signiﬁcant
133G. Pandey et al. / IATSS Research 38 (2015) 130–134different vehicles to 3Ws and other vehicles in stream. Here as lateral
and longitudinal gaps were not normally distributed, Mann–Whitney
or Moods Median test was used to check hypothesis based on equality
of variance. Here the gaps are grouped by vehicle type and speed groups
of 20 km/h. Since therewere notmany vehicleswith speeds higher than
60 km/h, only vehicles with speeds less than 60 km/h were considered
for analysis. It is clear from Table 3, that all vehicle typesmaintained sig-
niﬁcantly higher longitudinal gaps to 3Ws in general than other vehi-
cles. This could be due to speeds of 3Ws being lower than stream
speed which discourages closer car-following by other vehicles. In
case of smaller vehicles like light motorized vehicles, 3Ws, and two
wheelers, this phenomenon was more apparent at lower speeds
(b40 km/h) whereas at higher speeds difference in gaps was not signif-
icant. In case of lateral gaps, heavy vehicles like car and truck kept
higher lateral gaps to 3Ws than other vehicles while overtaking and
this difference became less signiﬁcant at speeds higher than 40 km/h.
Lighter vehicles like 3Ws and twowheelers kept signiﬁcantly higher lat-
eral gaps to heavy vehicles.
Table 4 shows the longitudinal and lateral gaps for different vehicles
to 3Ws and 3WCs on sub-arterial roads. It can be seen that all vehicles in
general maintain signiﬁcantly more longitudinal gaps to 3Ws than
3WCs. However, if we analyse the gaps by speed group then it is evident
that heavy vehicles like cars and trucks maintain statistically more gaps
to 3WCs above 40 km/h. But for speeds lower than 40 km/h, heavy ve-
hicles maintained higher gaps to 3Ws. This could be because vehicles
travelling at high speeds do not want to get stuck behind slow moving
and easy to identify 3WCs. Hence they keep more longitudinal gap in
order to facilitate lane change as soon as possible. In case of light vehi-
cles like two wheelers, owing to their superior manoeuvrability, it is
not important to have high longitudinal gap for lane change. However,
this still does not explain higher lateral gaps while overtaking 3WCs at
higher speeds. LMVs and HMVs maintained higher lateral gaps toTable 3
Median longitudinal and lateral gaps maintained by different vehicles to 3Ws and other
vehicles on arterial roads.
Vehicle type Speed group Other TWs Difference
Longitudinal gaps (m)
LMV Avg. 10.08 15.04 Signiﬁcant
00–20 5.90 9.60 Signiﬁcant
20–40 10.39 17.94 Signiﬁcant
40–60 17.05 18.77 Not signiﬁcant
HMV Avg. 10.69 14.12 Signiﬁcant
00–20 8.59 12.65 Signiﬁcant
20–40
40–60 33.67 38.92 Signiﬁcant
3W Avg. 11.93 13.27 Signiﬁcant
00–20 8.30 9.56 Signiﬁcant
20–40 15.50 14.74 Not signiﬁcant
40–60 29.87 26.61 Not signiﬁcant
2W Avg. 12.08 15.38 Signiﬁcant
00–20 9.65 10.92 Signiﬁcant
20–40 13.54 18.76 Signiﬁcant
40–60 19.29 20.62 Not signiﬁcant
Lateral gaps (m)
LMV Avg. 1.68 2.11 Signiﬁcant
00–20 1.43 2.20 Signiﬁcant
20–40 1.73 2.15 Signiﬁcant
40–60 2.30 2.18 Not signiﬁcant
HMV Avg. 1.63 2.49 Signiﬁcant
00–20 1.67 2.51 Signiﬁcant
20–40 1.22 1.71 Signiﬁcant
3W Avg. 1.38 1.08 Signiﬁcant
00–20 1.40 1.34 Not signiﬁcant
20–40 1.32 0.78 Signiﬁcant
40–60 1.82 1.25 Not signiﬁcant
2W Avg. 1.69 1.52 Signiﬁcant
00–20 1.76 1.74 Not signiﬁcant
20–40 1.39 0.87 Signiﬁcant
40–60 1.70 1.58 Not signiﬁcant3WCs at speeds above 40 km/h whereas for lower speed this phenom-
enon was less apparent. 3Ws and two wheelers maintained higher lat-
eral gaps to 3Ws for all speed groups.4. Conclusions
Heavy vehicles like car and truck maintained highest longitudinal
gaps to 3WCs at speeds higher than 40 km/h. But for speeds lower
than 40 km/h, the highest longitudinal gaps were found with respect
to 3Ws. They also had the highest lateral gaps with respect to 3WCs in
the speed group 40–60 km/h. Lighter vehicles like 3Ws and two
wheelers maintained the highest longitudinal gaps to 3Ws for all
speed groups. However, they had the highest lateral gaps to heavy vehi-
cles for all speed groups. Hence it is clear that 3WCs enjoys maximum
vehicular gaps from heavy vehicles especially at higher speeds. This
could be one of the contributing factors for lower fatalities in three-
wheelers carrying children as heavy vehicles like trucks are the most
commonly involved vehicles in fatal crashes. Also as observed during
data collection, children carrying three-wheelers have very slow accel-
eration/deceleration and speed characteristics. However, the fatal
crash rate was found to be lower than the expected rate from such
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